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ORTHOPAEDIC FIXATION METHOD AND DEVICE WITH DEU VERY AND 
PRESENTATION FEATURES 



S Inventois: Ed Austin, John Schneider, and Michael W.Mullaney 

RELATED APPLICATION DATA 

This application claims the benefit of USSN 60/370^1, filed April 5, 2002 entitled 
"Orthopaedic Fixation Method and Device" which is incorporated herein by this reference. 

10 

TECHNICAL FIELD 

Embodiments of the invention are directed to treating musculoskeletal conditions, 
mcluding skeletal fiactures. More specifically, apparatuses and methods for securing and 
placing fragments of a fractured bone or bones on two sides of a joint in desired locations are 

IS disclosed. In some embodiments of the invention, apparatuses and methods are used to 
generate a computer model of a fixation device and bones or bone fi:agments. Through 
operations on the model, desired placement of the bones or bone fiagments is detemuned 
quickly and accurately regardless of the initial configuration of the fixation device. The 
operations required to create the desired placement of the bones or bone fi:agments may then 

20 be enacted on a conesponding physical device to treat the musculoskeletal condition. 

BACKGROUND OF THE INVENTION 

Devices and methods of treating skeletal fi:actures using ring external fixation 
structures are well known in the art. Smith & Nephew, Inc. has developed and marketed a 

25 number of SPATIAL FRAME™ brand external ring fixators based on the general concept of a 
Stewart platform. Smitti & Nephew, Inc. owns U.S. Pat Nos. 5,702,389; 5,728,095; 
5,891,143; 5,971,984; 6,030,386; and 6,129,727 that disclose many basic concepts of and 
improvements to Stewart platform based external fixators. The disclosure of those patents is 
incorporated by reference herein. 

30 As will be appreciated by one skilled in the art, mathematically solving for the 

relative positions of the members of a Stewart platform creates' a somewhat cumbersome 
equation. As an example, note the rotational matrix detailed in U.S. Pat No. 5,971,984. This 
rotational matrix is a means by which one Stewart platform fixation element can be 
transformed relative to another to align fragments of a bone with inputs commonly obtainable 
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fix)m a clinical examination. However, in order to use the rotational matrix, a starting 
position for the fixation elements must be known. Therefore, prior art systems typically have 
required a Stewart platform type ring fixator to eith^ start or end its transformation in a 
neutral position. A neutral position is a position where all of the six stmts are the same 

5 length, and consequently, the rings of the fixator are parallel to one another. See Figures 4 
and S. A neutral position makes locating the starting positions of the fixation elements 
readily calculable. Once the frame moves beyond neutral, Cartesian coordinates of the frame 
components are difficult to find mathematically. Tbds limitation results in complexity with 
regard to a mathematical solution for a Stewart platform. As a practical matter, it means that 

10 in the past, supposed correction solutions that did not in &ct solve a particular deformity were 
very difficult to secondarily correct. This situation will be described in more detail below as 
a "crooked-fi:ame/crooked-bone" situation. A solution for the crooked-firame/crooked-bone 
situation will be described as a '^tal residual" solution. 

The current SPATIAL FRAME™ brand external fixators include operating modes for 

15 "chronic" and ^^residual" corrections. A chronic correction is a correction that starts with a 
fixator fiame tiiat has been deformed to fit onto a deformed bone structure such that when the 
fixator is returned to a given neutral position, the deformed stmcture will be conected. In 
other words, a chronic correction starts with a fiame that has been deformed identically to the 
deformity of the bone. 

20 For a residual correction, a neutral fixator fi:ame is fit onto a defoimed stmcture, and 

the struts of the fixator are adjusted untU the deformity is corrected. Therefore, ra the case of 
a residual correction, a straig^t-fiame/crooked-bone is corrected to a crooked-fiame/straight- 
bone. For a chronic correction, a crooked-fi:ame/crooked-bone situation is corrected to a 
straight-firame/straight-bone. Note that a 'total residual" correction differs fipom a "residual" 

25 correction in that a residual must start wi& a neutral fiame. A total residual may start with 
even a crooked fiame. 

The crooked-fi:ame/crooked*bone complication exists where, at the end of a 
correction, both the bone structure and the frame are crooked. In other words, the deformities 
of tiie fi:ame and tiie bone are different firom one anotiier. The current, known mathematical 

30 equations are only valid for going to or starting fi-om a neutral frame. Hierefore, if a crooked 
firame is on a crooked bone stmcture that is not corrected by returning the fi:ame to a neutral 
position, the current equations will not solve the problem in a single step. Specifically, some 
of the initial values to plug into the equations cannot be determined. This crooked- 
fiame/crooked-bone situation may result firom inaccurate placement or adjustment of a firame. 
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inaccurate x-rays or reading of x-rays used to generate deformity parameters, or any number 
of inaccurate applications of a device. Such inaccuracies are common and expected, 
especially in an environment such as a trauma operating room. In the case of a crooked- 
frame/crooked-bone situation, the surgeon could reset the frame back to neutral and take new 

5 x-rays that could be used to establish a new residual correction. However, that would not be 
optimal for the patient, especially where adjustment of the frame to neutral would result in 
increased skeletal deformity and pain. 

Some crooked-frame/crooked-bone situations may also be solved with a deformity 
simulator such as the one shown in French Pat. No. 2,576,774, Figure 6. As shown, two rods 

10 tiiat represent segments of bone are connected by hinges about two axes. By setting the rods 
relative to one anotiier flie way the bone segments are actually deformed, noting the position 
of the simulator, re-aligning the rods, and noting the changes in the snnulator, corrective 
settings for an actual device may be derived. However, this simulator device fails to account 
for translations or for rotation about all three possible axes between the segments. Both 

15 modes of deformation commonly occur. Additionally, manipulation of the mechanical 
device in the loosened frame would be awkward and potentially require multiple operators. 

A total residual solution is highly advantageous over solutions that require more 
precise aligmnent of components of the frame with the patient's anatomy. External fixation 
devices are often used in trauma situations where reduced initial operating time is beneficial 

20 to the patient Total residual devices require relatively littie time for aligmnent and can be x- 
rayed or imaged and adjusted after the patient has been stabilized. Therefore, an improved 
device must provide methods and apparatuses for solving crooked-frame/crooked-bone 
situations. 

What is needed are methods and apparatuses that are usefiil in quickly and accurately 
25 determining the stmt settings that solve crooked-ftame/crooked-bone situations. Optimally, 
solutions would be obtainable without substitution or experimentation, and all possible 
physical relationships of bone segments could be modeled. Improved methods and 
apparatuses may also give a user visual representations of frame placement and correction 
results so tiiat the parameters the user is inputting are visually verifiable as conect prior to 
30 adjustment of the frame on the patient Visualization also would enable a user to see if pms 
and wires used in a frame will interfere with strut positions as a correction is executed. 
Inqiroved methods and ^aratuses may be implemented through software that is operative to 
be run, updated, and rq)laced over a network either by storage and use on distributed 
computers or a central computer or a combination of both. 
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SUMMARY OF THE INVENTION 

According to fbe present invention there is provided an extemal orthopaedic fixation 
device in combination with a computer. In this embodiment, the combination is for aligning 
fragments of a fiactured bone. The orthopaedic fixation device includes a first fixation 
element for coupling to a first bone fiagment and a second fixation element for coupling to a 
second bone fiiagment The device also includes six adjustable length struts coupled at fheir 
respective first ends to the first fixation element and coupled at fteir respective second ends 
to the second fixation element When the first bone ftagment and tiie second bone fragment 
are out of alignment, at least two of the first, second, fluid, fourth, fifth, and sixth adjustable 
length struts are different lengths. And m the same embodiment, if the first, second, third, 
fourth, fifth, and sixth a<^ustable length struts were the same length, the first bone fiagment 
and the second bone firagment would be out of alignment. The combination is operable to 
bring the first bone fiagment into aligmnent with the second bone fiagment by: storing the 
relative locations of the first fixation element and the first bone fiagment, storing the 
locations of the coupBngs of flie first ends of the first, second, third, fourth, fifih, and sixth 
adjustable length struts relative to the first fixation element, storing the relative locations of 
the second fixation element and the second bone fragment, storing the locations of the 
couplings of the second ends of &e first, second, thkd, fourth, fifth, and sixth adjustable 
length struts relative to flie second fixation element spatially associating, or correlating, the 
stored location of the first fixation element with the stored location of the second fixation 
element, aligning a computer generated representation of the stored location of the first bone 
fragment relative to a computer generated representation of the stored location of the second 
bone fragment, obtaining the respective distances in the aligned computer generated 
representations between the first and second ends of the firs^ second, third, fourth, fifth, and 
sixth adjustable length stmts respectively, and providing the aligned lengths of flie first, 
second, third, fourfii, fifth, and sixth adjustable length stmts to a user for adjustmg the 
adjustable length stmts of the external orthopaedic fixation device. 

There is further provided a method of configuring an orthopaedic fixation device that 
can be coupled to fragments of a fractured bone. The mediod of flie embodiment includes 
representing a first fixation element of the fixation device virtually in three-dimensional 
Sfpace, representing a first bone fragment virtually in three-dimensional space, and spatially 
associating, or correlating, the representation of the first fixation element with the 
representation of the first bone fragment The method also includes representing a second 
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fixation element of the jfixation device virtually in three-dimensional space, representing a 
second bone fi:agment virtually in three-dimensional space, and spatially associating, or 
correlating, the representation of the second fixation elemrat with the representation of the 
second bone fiagment The representation of the first bone fiagment is also spatially 

5 associated , or correlated ,with flie representation of the second bone firagment The method 
then includes aligning the virtual representation of the first bone firagment with the virtual 
representation of the second bone fiagment while tracking the spatially associated, or 
correlated, locations of the representation of first fixation element and the rq>resentation of 
the second fixation element, and configuring the orthopaedic fixation device such that the 

10 first fixation element is in the same relative position to the second fixation element as the 
aligned representation of flie first fixation element is with the aligned representation of the 
second fixation element. 

Still another embodiment is a method of determining adjustments required to align 
fi:agments of a fractured bone coupled in an ordiopaedic fixation device that has a first 

15 fixation element coupled to a second fixation element by at least three struts, each stmt 

coupled at its first end to the first fixation element and at its second end to the second fixation 
element The method in this embodiment includes representing the first fixation element and 
a first bone fiagment in a computer, and spatially associating, or correlating, tiie 
representations of the first fixation element with the first bone fiagment The method also 

20 includes representing the second fixation element and a second bone firagment in the 

computer, and spatially associating, or correlating, the representation of the second fixation 
element with tiie representation of the second bone fiagment Further, the method mcludes 
spatially associating, or correlating, flie representation of the first bone fiagment with the 
representation of the second bone fragment, and aligning the representation of the first bone 

25 fiagment with tiie representation of the second bone fragment The location of the 

representation of the fiu:st fixation element relative to fee representation of the second fixation 
element subsequent to the aligning of the representation of the first bone fiagment and the 
representation of the second bone fragment is determined, and the distance between the 
couplings of each of the at least three stmts to the representation of the first fixation element 

30 and the representation of the second fixation element is determined. The amount to adjust 
each of the at least three stmts to equal the determined distance between couplings may then 
be determined. 

Also according to the present invention fliere is provided . a digital computing device 
programmed to provide data to a user for adjusting an ordiopaedic fixation device tiiat can be 
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coupled to fiagments of a ftactuied bone. The digital computing device may include a 
motherboard, a central processing unit electrically coupled to the motherboard for executing 
program instructions, a monitor electrically coiq)led to the motfaeri^oaid for displaying 
representations of the fixation device, and a memory device electrically coupled to the 
5 motherboard. The memoiy device stores program instmctions that enable flie computing 
device to represent a first fixation element of the fixation device virtually in three- 
dimensional space, represent a first bone fragment virtually in three-dimensional space, and 
spatially associate, or correlate, the virtual representation of the first fixation element with the 
virtual representation of the first bone fiagment Stored instructions also enable the 
10 computing device to represent a second fixation element of the fixation device virtually in 
three-dimensional space, represent a second bone fragment virtually in three-dimensional 
space, and spatially associate, or correlate, the virtual representation of the second fixation 
element with the virtual representation of the second bone fiagment. Hie program 
iostructions also enable the computing device to spatially associate, or correlate, the virtual 
15 representation of the first bone fiagment with the virtual representation of the second bone 
fragment, align the virtual representation of the first bone firagment with the virtual 
representation of the second bone fiiagment while tracking the spatially associated, or 
correlated, locations of the virtual representation of first fixation element and the virtual 
representation of the second fixation element, and output data specifying how the first 
20 fixation element is to be positioned relative to the second fixation element to align the first 
bone fiagment and the second bone fragment 

According to the present invention there is fiirflier provided a program storage device 
containing instmctions that enable a computer to provide data specifying how to configure an 
orfliopaedic fixation device that can be coiq)led to fi»gments of a fiactured bone. Execution 
25 of the instmctions results in providing data specifying how to configure the orthopaedic 
fixation device such that a first fixation element is in the same relative position to a second 
fixation element as a virtual representation of flie first fixation element is wifli an aligned, 
virtual representation of the second fixation element after virtual representations of the bone 
fiagments have been aligned. 
30 Still another embodiment of the invention is a method of configuring a multi-stmt 

orthopaedic fixation device that can be coupled to fiagments of a fiactured bone. The method 
includes at least representing a first fixation element of the fixation device virtually m three- 
dimensional space, representing a first bone fragment virtually in three-dimensional space, 
and spatially associating, or correlating, the representation of the first fixation element with 
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the representation of the first bone fragment The method also includes representing a second 
fixation element of the fixation device virtually m three-dimensional space, representing a 
second bone fiagment virtually in three-dimensioml space, and spatially associating, or 
correlating, the representation of the second fixation element wifli the representation of the 
second bone fi»gment The representation of the first bone fiagment with the representation 
of the second bone firagment are spatially associated, or correlated,, and the representation of 
the multi-strut orthopaedic fixation device is configured to any neutral frame configuration 
while tracking the fixation elements and bone fiagments. The method also includes noting 
virtual deformity parameters of the bone fiagments with the multi-strut orthopaedic fixation 
device virtually configured to a neutral fiame, and then solving for correcting strut lengths by 
aligning virtual representations of the virtually altered representations of the bone fiagments 
while trackmg the representations of the spatially associated, or correlated, fixation elements 
and calculating the resulting strut lengtiis. 

An embodiment of the invention is a method of configuring an orthopaedic fixation 
device that can be coupled to bones on either side of a joint to move the bones relative to one 
another. Representations of a first fixation element and a first bone are represented virtually 
in three-dimensional space and spatially associated, or correlated. Representations of a 
second fixation element and a second bone are represented virtually in three-dimensional 
space and spatially associated, or correlated. The representation of the first bone is 
associated, or correlated, with flie representation of the second bone and the representations 
are positioned while trackmg flie spatially associated, or correlated, locations of the 
representation of first fixation element and flie representation of the second fixation element 
The orthopaedic fixation device is configured such that the first fixation element is in the 
same relative position to the second fixation element as the positioned representation of the 
first fixation element is with the positioned representation of the second fixation elem^t 
Also according to the present invention there is provided a program storage device 
containing instructions that enable a computer to graphically represent anatomical features in 
relation to a fixation device. The instructions mclude at least receiving input regarding the 
size and orientation of the fixation device, and receiving iiq)ut regarding the orientation of the 
anatomical features. The fixation device and the anatomical features relative to the fixation 
device are graphically represented. The graphical representation of the anatomical features 
relative to the fixation device is presented in a perspective that corresponds to a typical 
medical diagnostic image. 
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Another embodiment of the invention is a method of planning the application of a 
multi-stnit external fixation device. The method includes at least modeling the size and 
orientation of the multi-strut fixation device, including the maximum and minimum lengdis 
of all stmts that are a part of the multi-stmt fixation device, and modeling the orientation of 
5 anatomical features to be manipulated by flie multi-strut fixation device. Further the method 
includes virtually acconq)lishing a manipulation of the multi-strut fixation device while 
recording the lengths the struts of the multi-strut fixation device during the manipulation, and 
displaying a record of struts that exceed maximum or minimum lengths during the virtual 
manipulation of the multi-strut fixation device. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of an orthopaedic fixation device. 
Figure 2 is a perspective view of an orfliopaedic fixation device coupled to a tibia. 
Figure 3 is a system diagram of an orthopaedic fixation device in combination with a 
15 computer. 

Figure 4 is a perspective view of a virtual representation of an orthopaedic fixation 

device. 

Figure 5 is a praspective view of a virtual representation of an orthopaedic fixation 

device. 

20 Figure 6 is an elevation view of a virtual representation of an orQiopaedic fixation 

device. 

Figure 7 is an elevation view of a virtual representation of an orthopaedic fixation 

device. 

Figure 8 is a perspective view of a virtual representation of an orthopaedic fixation 
25 device with some elements removed for clarity. 

Figure 9 is a screen shot illustrating an embodimCTt of the invention being executed 
on a Web browser where a user may login to the program. 

Figure 10 is a screen shot illustrating an embodiment of ttie invention being executed 
on a Web browser where case faiformation has been input by a user. 
30 Figure 1 1 is a screen shot illustrating an embodiment of the invention being executed 

on a Web browser where deformity definitions are to be iiq)ut by a user. 

Figure 12 is a screen shot illustrating an embodiment of the invention bemg executed 
on a Web browser where deformity definitions have been mput by a user. 
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Figure 13 is a scieen shot illustrating an embodiment of the invention being executed 
on a Web browser where fixation device parameters have been input by a user. 

Figure 14 is a screen shot illustrating an embodiment of the invention being executed 
on a Web browser where fixation device mounting parameters have been input by a user. 
5 Figure 1 5 is a screen shot illustrating an embodiment of the invention being executed 

on a Web browser where initial frame stmt lengths have been input by a user. 

Figure 16 is a screen shot illustrating an embodiment of the invention being executed 
on a Web browser displaying an enlarged initial frame AP view. 

Figure 17 is a screen shot illustrating an embodiment of the invention being executed 
10 on a Web browser displaying final firame strut lengths and configurations. 

Figure 18 is a scieen shot illustrating an embodiment of the invention being executed 
on a Web browser displaying an enlarged final fi:ame lateral view. 

Figure 19 is a screen shot illustrating an embodiment of the invention being executed 
on a Web browser displaying a prescription for an alignment 
15 Figure 20 is a screen shot illustrating an embodiment of the invention being ^ecuted 

on a Web browser displaying an enlargement of virtual representations of the fixation device, 
stmts, and bone fragments at a point during the prescription for an aligmnent 

Figure 21 is a screen shot illustrating an embodiment of the invention being executed 
on a Web browser displaying a prescription for an alignment 
20 Figure 22 is a perspective view of a virtual representation of a fixation device with a 

virtual representation of a bone fragment 

Figure 23 is a perspective view of a virtual representation of a fixation device with a 
virtual representation of a bone fragment, with some elements of the fixation device removed 
for clarity. 

25 Figure 24 is a perspective view of a virtual representation of a fixation device with 

virtual representation of two bone fiagments, with some elements of the fixation device 
removed for clarity. 

Figure 25 is a perspective view such as Figure 24 with additional elements of the 
fixation device removed for clarity and to show association. 
30 Figure 26 is a perspective view of a virtual representation of a fixation device with 

virtual representations of two bone fiagments. 

Figure 27 is a perspective view of a virtual representation of a fixation device in a 
neutral position with virtual representations of two bone fragments. 
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Figure 28 is a perspective view of a virtual representation of a fixation device with 
virtual representations of two bone fragments Ifaat have been aligned. 
Figure 29 is a system diagram of a digital computing device. 



5 DETAILED DESCRIPTION OF TEffi INVENTION 

Figure 1 shows an external orthopaedic fixation device 100 useful for aligning 
fi^gments of a firactured bone. The device shown is a Stewart platform based ring fixator 
device. Smith & Nephew, Inc. markets the particular device shown as a SPATIAL FRAME™ 
brand or TAYLOR SPATIAL FRAME'** brand external fixator. The fixation device 100 

10 includes a proximal ring or first fixation element 10 and a distal ring or second fixation 
element 20. hi other embodiments of the invention, the proximal ring could be the second 
fixation element and the distal ring could be the first fixation element. Jn Figure 1, the first 
fixation element 10 is coupled to flie second fixation element 20 by six adjustable length 
struts 1-6. Each of the struts 1-6 is coupled at its first end to the first fixation element 10 and 

15 at its second end to the second fixation element 20. 

Figure 2 illustrates the first fixation element 10 coupled to a first bone fiagment 11, 
and the second fixation element 20 coupled to a second bone fiagment 21 . As shown, the 
bone fiagments are coupled to the fixation elements using cantilevered bone pins 13. In other 
embodiments, wires, bilateral pins, or any variety of coupling devices effective to secure a 

20 bone relative to a fixation element may be used. The fixation device 100 shown is coupled to 
a tibia; however, the device may be used on practically any bone on which it could be placed. 
For example, and without limitation, the device could also be used on a femur or a humerus. 

Figure 3 shows the fixation device 100 in combination with a computer 200. Such a 
combination is useful to align firagments of a firactured bone. The computer 200 may be an 

25 autonomously operating computer system such as, for example, first computer system 201 . 
All storage, processing, etc. necessary to align fragments of a firactured bone may be 
accomplished with the first computer system 201 . In other embodiments, two or more 
computers may be linked together over a network to accomplish tasks necessary to align the 
j&agments. As shown, computer systems 201 and 202 are linked over a network 203. The 

30 network may be a local area network or a wide area network such as the Internet In some 
embodiments, all of the programs that are run to accomplish the tasks may be run on one or 
more of the computer systems, and anofiier of the computer systems may merely be used to 
display data. Alternatively, the programs run may be run partially on several computer 
systems, with data and instructions being shared over the network. 
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For example, in some embodiments, fiist computer system 201 nms a World Wide 
Web browser that executes instructions and shares data through network 203 with a second 
computer system 202 lhat is a server. This is advantageous in circumstances where a larger 
computer system is required to run a more complex or memory intensive program. A 

5 computer assisted engineering program is an example of such a program. In some 
embodiments of the present invention, a server computer is used to run both a computer 
assisted engineering program and to serve or host a World Wide Web site. The term 
computer assisted engineering program includes both traditional computer aided drafting 
(CAD) programs, and prog^iams ttiat are capable of not only drafting, but providing design 

10 solutions and other data useful in implementing a project For example, load capacities and 
dynamic relationships of the components of a stracture are provided with some such 
programs. One computer assisted engineering program useful in the present invention is the 
Unigraphics program provided by EDS Corporation. Computer assisted engineering and 
Web hosting functions may themselves be dedicated to separate machines in some 

15 OTibodiments. A served program arrangement may also be beneficial because the supporting 
programs in such a configuration may be updated by merely updating the program at the 
central computer or computers. Therefore, software updates become much less complicated 
and much less expensive. 

As described in detail above, a particulariy complex situation solved by the present 

20 invention is a crooked-fiame/crooked-bone situation. Another way of describing the 

crooked-frame/crooked-bone situation is to say that when two bone fiagments arc coupled in 
a fixation device and the j&agments are out of alignment, and at least two of the first, second, 
third, fourth, fifth, and sixth adjustable length struts are different lengths, and if the stmts 
were adjusted until fliey were any same length, the bone fragments would still be out of 

25 alignment. Stated another way, a crooked-frame/crooked-bone situation occurs when both 
the frame and the attached bone are not neutral or aligned, and the bone would not be aligned 
if tiie fiame were brought to any neutral positioa 

Figures 4-8 show geometric characteristics of the fixation device 100. What is shown 
in the figures are virtual representations of the device generated with the aid of a conq)uter 

30 assisted engineering program or the like. A more detailed description of these characteristics 
will facilitate the discussion of applications of the device that follows. In defining any spatial 
system, arbitrary points of reference must be established firom which to reference the location 
of components of the system. As illustrated in Figure 4, the hole between the holes where the 
proximal ends of struts 1 and 2 are coupled is referred to as a master tab 1 5. The master tab 
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15 dejSnes a point of origin in flie plane of flie first fixation element 10. This point is 
eirtended distally and projected posteriorly to define a fiame centerline 16, Figure 5 shows 
flie definition of tiie neutral fiame height as flie distance between fee first fixation element 10 
and fee second fixation element 20 when fee struts 1-6 are neutral. Figure 6 illustrates an 
origin 17. The origin 17 is placed at fee center of fee fiactured end of a bone fiagment 
coupled orfeogonally to fee first fixation element. In a Cartesian coordinate system, fee 
origin 17 is defined as (0,0,0). 

Figures 1 and 4 also show U-joints near fee end of each strut 1-6. Figure 1 shows fee 
U-joints as feey actually appear near fee end of each stmt 1-6, and Figure 4 shows each strut 
virtually represented wife a sphere centered at fee respective U-joint's center of rotation. For 
example, struts 1 and 2 are shown to have proximal U-joints la and 2a, and distal U-joints lb 
and 2b. The proximal U-joints la-6a define a plane A, and fee distal U-joints lb-6b define a 
plane B as illusttated in Figures 7 and 8. 

The combination shown in Figure 3 is operable to bring a first bone fiagment into 
alignment wife a second bone fiagment. To accomplish an alignment, a user must provide 
parameters regarding characteristics of fee fixation device 100 used. In addition, 
characteristics of fee deformity to be corrected and fee way fee device 100 is mounted must 
be input. Given this information from a user, embodiments of fee invention provide lengfes 
to which struts can be configured to achieve aligmnent. 

Figures 9-21 illustrate an example of an aligrmient solution reached using a program 
that receives parameters fi:om a user and outputs strut lengfe settings. Figure 9 is a depiction 
of a user login screen designed to provide secure and confidential access to fee program. 

A user completes fee fields shown in Figures 10-12 to provide information to fee 
program regarding fee deformity to be corrected. In Figure 10 next to "Anatomy," a user 
inputs whether a left or right limb is to be corrected. In fee example, a left limb is being 
corrected. 

Figures 1 1 and 12 show blanks to be fiUed in by a user regarding fee orientation and 
extent of a deformity. A selection is required to define which fiagment of bone will be a 
reference fragment, fee proximal or fee distal. The fiagment defined as fee reference 
firagment will be shown as remaining fixed and fee ofeer fiagment will be brought mto 
alignment wife fee reference fiagment *Troximar is selected in fee example. The 
remainder of the parameters to be input are typical clinical parameters that medical 
professionals are fenuliar wife obtainmg. In fee example illustrated, fee deformity as viewed 
firom fee AP is defined by 15.0 degrees of valgus angulation and IS.Omm of medial 
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translation. As viewed fix)m the lateral, there are 25.0 degrees of apex anterior angulation, 
and SO.Omm of anterior translation. AxiaUy, the deformity has 10.0 degrees of eTctemal 
rotation and shows IS.Onun of shortened axial translation. It is usual to obtain such 
parameters from x-ray machines and other such imagmg devices as well as by observation 
5 and physical measurement 

The graphical representations of the present invention labeled 'TLeft AP View**, 'TLeft 
Lateral View", and *Xeft Axial View" are very usefid because fhey provide the user 
immediate feedback as to whether the correct parameters have been input The Left AP View 
and Left Lateral View are particularly fiamiliar and efficient because they correspond to 

10 typical x-ray images that the user will likely have available. The embodiment illustrated 
represents bones as cylindrical objects and a foot on the distal fragment as a peip^dicular 
cylindrical object with a knob at the object's free end. Other embodiments of the invention 
represent bones with their actual anatomical shapes and proportions. Such representations 
can be useful to give a user ftuiher means of verifying the accuracy of data being input and 

15 solutions generated. The use of actual anatomical shapes is carried forward throughout the 
alignment process in some embodiments. In addition, in some embodiments, soft tissue such 
as but not limited to muscle, skin, vessels, arteries, and nerves are represented graphically. 

Figure 13 is an illustration of the input screen used to select what fixation elements, 
i.e., rings, and what stmts will be used in fhe case. Since rings and stmts are stocked items, 

20 pull-down menus are provided that only allow a user to select from a limited number of 
items. This reduces the likelihood of mistakes and increases the accuracy of the alignment 
In the example illustrated, both distal and proximal rings are 1 80mm rings. The struts 
selected are standard medium stmts, adjustable betv/een 1 16mm and 178mm. 

Figure 14 shows the input screen where a user selects how the first fixation element, 

25 orreferencering, of a frame has been or will be mounted on a first bone fragment Thisis 
also where a user defines the operative mode: TotalResidual, Chronic, or Residual. As 
discussed above, residual and chronic solutions generally are known iii the art and require 
gomg to or coming from a neutral frame. Consequently, for Residual and Chronic modes, 
either a neutral frame height or neutral stmt lengths must be defined. The Total Residual 

30 mode is useful in aligning fragments in any circumstance, including the ciooked- 

frame/crooked-bone situatiotL The origin is defined as the center of the fi:actured end of the 
first bone fragment, and the position of the frame is defined relative to that origin. Reference 
points on the first fixation element of the frame are the center of the fixation element for 
lateral and AP views, the closest edge of the first fixation element to the origin axially, and 



13 



wo 03/086213 



PCTAJS03/10336 



the plane defining the master tab to the center of the fixation element for rotary ftame angle. 
Adjustments are also provided to correct for non-orthogonal moimtings AP and laterally. In 
the example shown, there is no AP offset or angulation, no lateral non-cjrfhogonal angulation, 
and a ZO.Omm posterior to origin frame oflfeet Axially there is no frame rotary angulation, 
but there is 100.0mm proximal to origin axial ftame of&et. As with the defoimity definition, 
graphical displays of the mounted first fixation element and first bone fragment are provided 
so that the user may check for proper input of data. The iapnt of data to fixe stage so fiir 
described allows for the relative locations of the first fixation element and the first bone 
fragment to be stored in the computer. 

Figure 15 shows the ii5)ut screen for the initial frame strut lengflis. 1>pically, fliese 
strut lengths are read fixm the six struts after the second fixation element is coupled to the 
second bone fragment In the example that is shown, stmt 1 was observed to have a length of 
122mm, strut 2, 140mm, strut 3, 147mm, stmt 4, 132mm, stmt 5, 178mm, and strut 6, 
150mm. Once input, the program displays gmphic representations of the fixation and bone 
fragments so that the user may verify the data thus far input into the program. 

Figure 16 shows an enlarged view of the Left AP View generated in Figure 15. In 
some embodiments of the invention, such enlargements are available for each of the gmphic 
representations of Figure 15 by selecting the graphic representations. With this data input, 
the relative locations of the first fixation element and the fhrst bone fiagment may be stored in 
the computer. Additionally, the locations of the couplings of the first and second ends of the 
first, second, thhrd, fourth, fifth, and sfacth adjustable length stmts relative to the first and 
second fixation elements respectively are stared after the orientation of the fixation device is 
defined by the placement of fihe second fixation element and the struts. Spatial association 
between flie stored locations of first fixation element and the second fixation element may 
then be accomplished, thereby storing the locations of the two elements on a common 
coordinate system. 

The results of solving for the Final Frame, i.e., spatial association and alignment, are 
illustrated in Figure 17. In this example, the resulting stmt lengflis are: strut 1, 122mm, stmt 
2, 161mm, stmt 3, 176mm, stmt 4, 21 1mm, strut 5, 241mm, and stmt 6, 136mm. To reach 
the results illustrated, embodiments of the invention align the computer gen^ted 
representations of the stored location of the first bone fiagment and a computer generated 
representation of the stored location of the second bone fragment Spatial association and 
alignmg may be at least in part enabled by use of a computer assisted engmeering program. 
For example, fliere exist in the prior art formulas for transforming one fixation element of a 
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Stewart platform relative to another fixation element of the platfonn to achieve an alignment 
of bone fragments coupled to each fixation element. Smith & Nephew's U.S. Pat. No. 
5,971,984 and numerous Stewart platfonn manipulation algorithms provide examples of such 
transformation equations. However, coordinates for both fixation elements must be known to 

5 nnplement the formulas. Wilh a crooked-frame/crooked-bone situation, there previously was 
no acceptable way to associate the fixation elements and enable the bone fragments to be 
aligned. A computer assisted engineering program can be used to provide the coordinates of 
a first fixation element relative to a second fixation element of a Stewart platform where the 
lengths of the struts are known. Therefore, by modeling a Stewart platform in a computer 

10 assisted engineering system, knowledge of the stmt lengths is equivalent to knowing the 
relative coordinates of both fixation elements. Given the coordinates of the first fixation 
element and the second fixation element and the firame parameters, deformity parameters, and 
mounting parameters, known transformation equations are used in some embodiments to 
determine strut Imgths required to align the bone firagments. In other embodiments it is 

15 possible to achieve aligmnent by manipulation of graphical representations of Ihe fragments. 
More specific examples of solving for the Final Frame stmt lengths such as those shown in 
Figure 17 are provided below in association with Figures 22-28. 

Recent improvements in computer assisted engineering programs have enabled Ihe 
programs to simultaneously track both flie first and second fixation elements and all six 

20 struts. By use of such computer assisted engineering programs, direct use of even the 

previously applied transformation equations may be bypassed. Consequently, these improved 
programs have enabled graphical manipulation and measurement of the structures with less 
user interventioa 

Stmt lengths may also be solved for using trial and error or a similar iterative method. 

25 To implement a trial and enor method, start with the assumption that Ihe parameters defining 
how a bone is mounted on a firame are unchanged and correct Deformity parameters can be 
substituted into the known mathematical equations of a residual mode correction, i.e., 
transformation equations, until the actual crooked-fiame strut lengths are achieved. When 
valid substitutes are found, the actual crooked-frame strut lengths and the deformity 

30 parameters of a bone if the bone would be corrected by a residual correction are known. The 
actual bone would not, however, be corrected by a residual correction because the substituted 
deformity parameters are not the actual deformity parameters. Another set of x-rays must be 
taken to determine the actual deformity. The actual deformity parameters observed on the x- 
rays are Hien subtracted from the deformity parameters obtained by substitution. The 
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lesulting defonnity parameters aie substituted into the mafhematical equations in a residual 
conection mode, and final strut settings are output. The malfaematical equations may be 
embodied in a computer program. 

The lengths of the struts when the first and second fiagments are aligned are provided 

5 in the output of Figure 17. In addition, graphical representations of the solution are provided 
so that flie user may check tiie progress and accuracy of the aligmnent. Figure 1 8 shows an 
enlarged view of the 'Teft Lateral View** generated in Figure 17. In some embodiments of 
the invention, such enlargements are available for each of the graphic representations of 
Figure 17 by selecting the graphic representations. 

10 Figures 19-21 illustrate a prescription for aligning the fiagments over a ten-day 

period. The rate of aligimient can be metered to not exceed a certain amount of distance 
moved in a given time or can be set to achieve completion in a given amount of time. A 
fector that is often important in determining a rate of aligmnent is whether there may be 
"stractures at risl^' during the aligmnent such as nerves, vessels, muscle, skin, arteries, or 

15 other tissue. A structure at risk is tissue that may be damaged by too rapid of an aligrmient. 
Therefore, the rate of aligmnent is controlled in some circumstances. 

Embodiments of the invention not only allow for protection of stractures at risk by 
controlling the rate at which aligrmients are made, but also enable the control of tiie path 
taken to achieve an aligmnent A path may be chosen that minimizes stress on a structure at 

20 risk. Alternatively, a user can specify a path for bone fragments to travel that causes a 

fiactured end of the first bone fiagment to avoid contact with a fiactured end of second bone 
fiagment until immediately prior to completion of the aligmnent. The term '*inunediately 
prior" means within a later portion of the time period of the correction. For example, the 
bone fiagments could be scheduled for a path that would prevent then: ends from contacting 

25 one another and potentially creating further damage to the ends. However, near the 

completion of the alignment, the bone fragments would need to be brought into contact for 
proper healing of the bone. In other embodiments, the bone ends could be initially brought 
together and rotated into place while maintaining contact throughout the aligrmient 

Figure 20 shows an example of an enlarged view that graphically represents the 

30 progress of an alignment Such views are available for each day of the alignment by 
selecting the "View** column to the fer ri^t of the prescription shown (Figure 19). This 
feature is useful for checking progress and accuracy. 

In some ^bodiments of the invention, frame configurations such as those shown in 
Figures 15 and 17, and the progress representations available by selecting "View" are useful 
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in detennming whether coupling structures such as pins and wires are likely to interfere with 
struts and fixation elements during the course of an alignment A visual inspection of the 
representations is useful to determine interference in some chcumstances. Additionally, flie 
pins and wires themselves may be modeled and tracked in some embodiments of the 
5 invention. 

Footnotes "a" and * V (Figures 19 and 21) designate when struts must be changed due 
to struts needing to lengthen or shorten beyond flie physical limits of a strat. In some 
embodunents of the invention, the configuration of Ihe fixation device and selection of struts 
is optimized by the program itself. For example, during the process of preoperative or 

10 mtraoperative planmg, if a proposed alignment was determmed to result in exceeding a strut 
parameter before aligranent would be achieved, placement of the second fixation element 
could be altered to avoid strat replacement Such an embodiment avoids the additional cost 
of replacement struts. 

Figures 22-28 illustrate aspects of methods of configuring an orthopaedic fixation 

15 device that can be coupled to fragments of a fiactured bone. Such methods are useful in 
detemuning the adjustment required to align the ftagments. Figures 22-25 and 26-28 
respectively illustrate two ways of accomplishing embodiments of the invention. As 
described above, a user can input fiame parameters, mounting parameters, and strut settings 
to virtually represent the fixation device and the fiagments m three-dimensional space. In 

20 some embodiments of the mvention, the rq)resentations of flie fixation device and the 
firagments are accomplished by storing data in a computer, 

Witii information regarding the representations of the fixation elements and the bone 
ftagments known (e.g., firame parameters, mounting parameters, and strut settings), spatial 
associations among flie representations of the fixation elements and bone fiagments are 

25 determinable. Such a determmation can be made numerically by use of a Cartesian 

coordinate system and the geometries of the fixation device components, or by representing 
the elements graphically, such as in a compute assisted engmeering program. Figure 22 
shows representations of a first fixation element 10, a second fixation element 20 and a first 
bone fragment 1 1 represented m three-dimensional space and spatially associated wifli one 

30 another. As illustrated in Figure 23, this embodnnent of flie mvention fiirflier relates 

representations of flie first fbcation element 10 wifli proximal U-joints la-6a and the second 
fixation element 20 with distal U-jomts lb-6b. The first fixation element 10 and flie proximal 
U-joints la-6a Cartesian coordinates are therefore determinable from the mounting 
parameters. Then, knowing the strat settings and, eiflier by use of transformation equations 
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or modeling in a computer assisted engineering program, the Cartesian coordinates of the 
distal U-joints 11>6b are determinable. Because there is a constant and predetennined spatial 
relationship between the first fixation elements and thek respective U-joints, trackmg tibie 
positions of the U-joints is equivalent to tracking the positions of the fixation elements. 

5 Figure 24 depicts a representation of a second bone fiagment 21 that is spatially 

associated with the other represented elements of the external fixation device, including the 
second fixation element 20 (Figure 22). The input deformity parameters enable the 
association of the second bone fiagment 21 . Spatial association is also made between the 
representations of the first bone fragment 1 1 and second bone Augment 21 . 

10 Figure 25 shows the representation of the second fixation element 20 spatially 

associated with the representation of the second bone fiagment 21 . By transforming the 
representation of the second bone fragment 21 to align with the representation of the first 
bone fragmrat 11, and tracking the representation of the second fixation element 20 as it acts 
with the representation of flie second bone firagment 21, new coordinates for the second 

15 fixation element 20 can be determined. 

Because the spatial associations of Ae representations of the first and second fixation 
elements 10 and 20 are known in the embodiment of the invention illustrated, Cartesian 
coordinates can be derived for the fixation elements, and the associated U-joints. In some 
embodiments of the invention, a computer assisted engineering program is used to determine 

20 these coordinates. Hie coordinates may be used in conjunction with data about the deformity 
of the bone and known transformation equations to determme the amount that the stmts 1-6 
must be adjusted to align the bone fiagments. The transformation equations in effect track 
tihe spatially associated locations of the representations of the first fixation element 10 and the 
second fixation element 20 to provide stmt lengths that will generate the alignment of the 

25 bone fi:agments. 

The alignment of the virtual representations of the first bone fiagment 1 1 and the 
second bone fragment 21 may also be accomplished by aligning virtual representations of the 
bone fiagments, such as by manipulating images depicted by a con^uter assisted engmeering 
program. 

30 In a fiirther example, consider the first bone fiagment 1 1 as sitting along a line 

defined by points at the proximal and distal ends of the first bone fiagment 1 1 . The first 
fixation element 10 is spatially associated in relation to the line along which the first bone 
fiagment 1 1 sits. Likewise, the second bone firj^ent 21 may be defined as sitting along a 
line defined by points at the fiagmenf s proxunal and distal ends. The second fixation 
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element 20 is spatially associated in relation to the line along which the second bone 
fiagment 21 sits. A computer assisted engfaieering program may be used to establish the 
relative positions of the first fixation element 10 and flie second fixation element 20, given 
the strut lengths between the fixation elements. To align representations of tiie first bone 
5 fiagment 1 1 and the second bone fiagment 21, flie proximal end of the second bone fiagment 
21 is virtually moved to be coincident with the distal end of the first bone fiagment 1 1 . The 
distal end of the second bone fiagment 21 may tiien be rotated about the proximal end of flie 
second bone fiagment 21 until the distal end is located on the line defined by the first bone 
fiagment 1 1 . The distance, direction, and rotation of the transformation required to move the 

10 second bone fiagment 21 are applied to the second fixation element 20. Transformations of 
this type can be accomplished mathematically or by manipulating images displayed throu^ a 
computer assisted engineering program. Note that in the art known prior to flie present 
invention, these transformations were not possible with respect to the fixation elements and 
struts because the location of the second fixation element 20 relative to the first fixation 

15 element 10 was not determinable under the equations then applied, unless the fiame was a 
neutral fiame. With the transformed second fixation element 20 position known relative to 
flie first fixation element 1 0, flie lengflis of the stmts aie readily determinable mathematically 
or graphically. 

Figures 26-28 illustrate an alternate way of accomplishing an alignment under 
20 embodiments of flie invention. Figure 26 shows representations of the first fixation element 
10, the second fixation element 20, the first bone fiagment 1 1, and second bone fiagment 21. 
As in previous embodiments, the fixation elements and bone fiagments aie virtually 
represented or modeled and associated to one another based on flie fi:ame parameters, 
mounting parameters, and strut settings provided by a user. However, an alternate method of 
25 alignm^t is shown m Figures 27 and 28. With all of flie elements and fiagments modeled, 
the fixation device 100 can be virtually returned to any neutral fiame (Figure 27). The 
fixation elements and flie bone fiagments will contmue to be tracked virtually. Vutual 
deformity parameters are then observed. Typical clinical views such as the AP, lateral, and 
axial views, like those shown in Figure 1 5, are observed in the virtual bone fiagments to 
30 determine the virtual deformity parameters. The virtual deformity parameters are flien used 
in known transformation equations to determine strut lengflis for an alignment as is shown in 
Figure 28. Stated anoflier way, once flie virtual deformity parameters arc detemiined (Figure 
27), a '^Residual" rather flian a "Total Residual" may be run to determine final stmt settings 
needed for an alignment of the bone fiagments. 
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Li embodiments of the inventioiia a path for the fiagments to travel may be specified 
so that desirable modes of alignment can be achieved as discussed above. 

While the embodiments of the invention fliat have been specifically detailed here 
include six stmt ring external fixation stractures, it is uiq)ortant to note that the apparatuses 
and methods of the invention are applicable to many ^es of external fixation devices. Many 
variations of the Smith & Nephew, Inc. Stewart platform based external fixators are noted in 
the patents and documents incorporated by reference above. Apparatuses and methods of the 
invention are usefiil with any of these variations, including with external fixators that have 
only partial rings, reduced numbers of stmts, or include clamp and bar structures built into or 
built separately firom the external fixation device. Apparatuses and methods of the invention 
are equally usefid in configuring unilateral orthopaedic external fixation devices. Varieties of 
such unilateral devices are illustrated in Figures 28 and 29 of U.S. Pat. No. 5,702,389. The 
illustrated devices also incorporate a six stmt Stewart platform. However, a unilateral 
orthopaedic external fixation device within the claims of this invention would not necessarily 
include a Stewart platform. A device with the claims of this nivention may merely include a 
combination of adjustments that allow the device to mimic some or all of the degrees of 
translation and rotation of the devices detailed above. 

Figure 29 illustrates a digital computing device programmed to provide data to a user 
for adjusting an orthopaedic fixation device 100. A central processing unit 22 is shown 
electrically coupled to a motheri)oard 23. The central processing unit 22 is for executing 
program instructions. A monitor 24 is also electrically coupled to the motheiboard 23. The 
monitor 24 is for displaymg representations of the fixation device 100. A random access 
memory device 25 is electrically coupled to the motherboard 23. A hard disk drive 26 is 
electricalfy coupled to the motherboard 23. A removable media disk drive 27 is electrically 
coupled to the motherboard 23. Each of the random access memory device 25, the hard disk 
drive 26, and the removable media disk drive 27 are capable of storing program instmctions 
that enable actions to adjust the orthopaedic fixation device. In some embodiments of the 
invention, two or more of the central processing unit 22, the motherboard 23, the monitor 24, 
flie random access memory device 25, the hard disk drive 26, and the removable media disk 
drive 27 may be integrated into a single component Such components may be referred to as 
a system-on-a-chip. 

The instructions executed by the digital computmg device of Figure 29 are consistent 
with the apparatus and method embodiments described above. The digital computing device 
may be a single computer system such as computer system 201 illustrated m Figure 3. 
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Alternatively, the digital computing device may be two or more computer systems, such as 
computer systems 201 and 202 connected through a network 203. 

Another embodiment of the invention is a program storage device 28 (Figure 29) 
containing instructions that enable a computer to provide data specifying how to configure an 
5 orthopaedic fixation device that can be coupled to fragments of a fitactured bone. The 
instructions stored on the program storage device 28 are consistent with the apparatus and 
method embodiments described above. 

Another use for an embodmient of the device is joint contracture or other such 
exercise or articulation of a joint hi an instance where there has been trauma, atiophy, or 
10 some other abnormality experienced by a patient near a joint, soft tissue may become 
damaged. Soft tissue damage may include damage to muscles, skin, tendons, ligaments, 
. cartilage, etc. A result of damage is sometimes an inability to fiiUy flex or extend a jomt. An 
embodiment of the invention is usefid to couple fixation elements to bones on eiflier side of 
flie jomt and use the fixation device to flex and/or extend the Umb about the joint. Just as 
15 with bone alignment, a prescription can be created to reposition the fixation elements relative 
to one another. In embodiments for causing movement about a joint, the natural center of the 
joint would typically be set as a rotation pomt about which the fixation device would opemte. 
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CLAIMS 

WHAT IS CLAIMED IS 

5 

1 . An external orthopaedic fixation device in combination with a computer, the 
combination for aligning fiagments of a fractured bone comprising: 
a first fixation element for coupling to a first bone fi:agment; 
a second fixation element for coupling to a second bone firagment; 
10 a first adjustable length stmt coupled at its first end to Ifae first fixation element and coupled 

at its second end to the second fixation element^ 
a second adjustable length strut coupled at its first end to the first fixation element and 

coupled at its second end to the second fixation element 
a thnd adjustable length strut coupled at its first end to the first fixation element and coupled 
15 at its second end to the second fixation element 

a fourth adjustable length strut coupled at its first end to the first fixation element and coupled 

at its second end to the second fixation element; 
a fifth adjustable length strut coupled at its first end to the first fixation element and coupled 

at its second end to the second fixation element; and 
20 a sixth adjustable length strut coupled at its first end to the first fixation element and coupled 

at its second end to the second fixation element; 
wherein when the first bone fiagment and the second bone fiiagtnent are out of alignment, at 

least two of the first, second, third, fourth, fifth, and sixth adjustable length struts are 

different lengths, and if the first, second, third, fourth, fififa, and sixth adjustable 
25 length struts were any same lengdi, the first bone fiagment and the second bone 

fragment would be out of alignment; 
wherein the combination is operable to bring the first bone fragment into alignment with the 

second bone firagment by: 

storing flie relative locations of the first fixation element and the first bone firagment, 
30 storing the locations of the couplings of the first ends of the first, second, third, fourth, 

fifth, and sixth adjustable length struts relative to the first fixation element, 
storing the relative locations of the second fixation element and the second bone 

firagment. 
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Storing the locations of the couplings of the second ends of the first, second, third, 
fourth, fifih, and six& adjustable length struts telatiye to the second fixation 
element, 

spatially associating the stored location of the first fixation element with the stored 

location of tiie second fixation element, 
aligning a computer generated representation of the stored location of the first bone 

fiiagment relative to a computer generated representation of the stored location 

of the second bone fi:agment, 
obtaining the respective distances in the aligned computer generated representations 

between the first and second ends of the- first, second, third, fourth, fifth, and 

sixth adjustable lengtii struts respectively, and 
providing the aligned lengflis of the first, second, third, fourfli, fifth, and sixfli 

adjustable lengtii struts to a user for adjusting the adjustoble length stmts of 

tile external orthopaedic fixation device; 
wherein flie conq)uter includes two or more computers linked together over a network 

2. The combination of claim 1 wherein the network is the Internet. 

3. An external orthopaedic fixation device in combination with a computer, the 
combination for aligning fiagments of a fiactured bone comprising: 

a first fixation element for coupling to a first bone fiagment; 

a second fixation element for coupling to a second bone fingment; 

a first adjustable length strut coupled at its first end to the first fixation element and coupled 

at its second end to the second fixation element; 
a second adjustable lengfli stmt coupled at its first end to the first fixation element and 

coupled at its second end to the second fixation element; 
a third adjustable lengtii strut coupled at its first end to the first fixation element and coupled 

at its second end to tiie second fixation element; 
a fourth adjustable length strut coupled at its first end to the first fixation element and coupled 

at its second end to the second fixation element 
a fifth adjustable length strut coupled at its first end to the first fixation element and coupled 

at its second end to the second fixation element; and 
a sfarfh adjustable length strut coupled at its first end to the first fixation element and coupled 

at its second end to the second fixation element; 
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wbeiein when fhe first bone fixtgment and the second bone fingment aie out of alignment, at 
least two of the first, second, third, fourth, fifih, and sixth adjustable length struts ore 
different lengths, and if flie first, second, third, fourth, fifth, and sixdi adjustable 
l^igtfa struts were any same length, the first bone fragment and fhe second bone 
5 fiagment would be out of aligmnent; 

wherein fhe combination is operable to bring fhe first bone firagment into alignment with fhe 
second bone fi:agment by: 

storing fhe relative locations of fhe first fixation element and fhe first bone ficagment, 
storing fhe locations of the couplings of fhe first ends of fhe first, second, third, fourth, 
10 fifth, and sixth adjustable length struts relative to the first fixation element, 

storing fhe relative locations of the second fixation element and fhe second bone 
fragment, 

storing the locations of the couplings of fhe second ends of fhe first, second, third, 
fourth, fifth, and sixth adjustable length stmts relative to tiie second fixation 
15 element, 

representing the first, second, third, fourth, fifth, and sixth adjustable length struts, the 
first fixation element, and the second fixation element in a computer assisted 
engineering program such that the relative locations of the first fixation 
element and the second fixation element are determinable while 
20 simultaneously altering tiie represented lengths of fhe first, second, third, 

fourth, fifth, and sixth stmts in the computer assisted engineering program, 
aligning a computer generated representation of the stored location of the first bone 
fi:agment relative to a computer generated representation of the stored location 
of fhe second bone fragment, 
25 obtaining fhe respective distances in fhe aligned computer generated representations 

between the first and second ends of fhe first, second, third, fourtii, fifth, and 
sixth adjustable lengtii stmts respectively, and 
providing flie aligned lengths of the first, second, fhkd, fourth, fifth, and sixth 

adjustable length stmts to a user for adjusting the adjustable length struts of 
30 the external ortiiopaedic fixation device 

4. The combination of claim 3 wherein fhe computer includes two or more computers 
linked together over a network. 
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5. The combination of claim 4 wherein fhe network is fhe Intemet 

6. A method of configuring an orthopaedic fixation device that can be coupled to 
firagments of a fiiactured bone comprising fhe acts of: 

5 representing a first fixation element of the fixation device virtually in three-dimensional 
space; 

representing a first bone fragment virtually in tbree-dimensioiial space; 
spatially associating fhe representation of the first fixation element with fhe representation of 
the first bone firagment; 

10 representing a second fixation element of fhe fixation device virtually in three-dimensional 
space; 

representing a second bone fiagment virtually in Ihree-dimensional space; 

spatially associating the representation of fhe second fixation element with the representation 

of fhe second bone firagment; 
15 representing the first fixation element and fhe second fixation element in a computer assisted 

engineering program such that the computer assisted engineering program 

dynamically tracks fhe first fixation element and the second fixation element; 
spatially associating the representation of fhe first bone fragment with the representation of 

fhe second bone fragment; 
20 aligning the virtual representation of fhe first bone fragment with fhe virtual representation of 

the second bone fragment while tracking the spatially associated locations of fhe 

representation of first fixation element and fhe representation of fhe second fixation 

element; and 

configuring fhe orthopaedic fixation device such that the first fixation element is in the same 
25 relative position to the second fixation element as the aligned representation of the 

first fixation element is with the aligned representation of fhe second fixation element 

7. A digital computing device programmed to provide data to a user for adjusting an 
orthopaedic fixation device that can be coupled to fragments of a fractured bone comprising: 

30 a motiierboard; 

a central processing unit electrically coupled to tiie motherboard for executing program 
instructions; 

a monitor electrically coupled to fhe motiierboard for displaying representations of fhe 
fixation device; and 
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a memory device electrically coupled to the mofherboard that stores program instructions that 
enable liie computing device to: 

represent a &st fixation element of the fixation device virtually in three-dimensional 
space; 

5 represent a first bone fiagment virtually in three-dimensional space; 

spatially associate the virtual representation of the first fixation element with the 
virtual representation of the first bone firagmeni; 

represent a second fixation element of the fixation device virtually in three- 
dimensional space; 

10 represent a second bone fingment virtually in three-dimensional space; 

spatially associate Ifae vutual representation of the second fixation element with the 

virtual representation of the second bone fi:agment; 
spatially associate the virtual representation of the first bone fiagment with the virtual 
representation of the second bone fi:agment; 
15 align the vutual representation of the first bone ficagment wifli the virtual 

representation of the second bone firagment while tracking the spatially 
associated locations of the virtual representation of first fixation element and 
the virtual representation of the second fixation element and 
output data specifying how the first fixation element is to be positioned relative to the 
20 second fixation element to align tiie first bone firagment and the second bone 

firagment; 

wherem the computing device includes two or more computers linked together over a 
network • 

25 8. The digital computing device of claim 7 wherem the network is the Internet 

9. The digital computing device of claim 7 wherein the memory device is a random 
access memory device. 

30 10. The digital computing device of claim 7 wherein flie mraiory device is a non-volatile 
memory device. 
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1 1 . The digital computing device of claim 7 wherein the piogiam instructions enabling 
the virtual representation of the first fixation element include computer assisted engineering 
progzam instructions. 

5 12. The digital computing device of claim 7 wherein the program instructions enabling 
the virtual representation of the first bone firagment include computer assisted engineering 
program instructions. 

1 3 . The digital computing device of claim 7 wherein Hie program instructions enabling 
10 the virtual representation of the second fixation element include computer assisted 

engineering program instructions. 

14. The digital computing device of claim 7 wherein the program instructions enabling 
the virtual representation of the second bone fragment include conq)uter assisted engineering 

15 program instructions. 

15. The digital computing device of claim 7 wherein the program instructions enabling 
die aligning of the virtual representations of the bone fi:agments while trackmg virtual 
representations of the fixation elements are at least in part computer assisted engineering 

20 program instractions. 

16. The digital computing device of claim 7 wherein the program instructions enabling 
the aligning of the virtual representations of the bone fragments while tracking virtual 
representations of the fixation elements include instructions specifying a path for the 

25 firagments to travel. 

17. The digital computing device of claim 16 wherein the program instructions specifying 
a path for the fiagments to travel specify a path that causes a fiactured end of the first bone 
fiBgment to avoid contact with a fractured end of second bone fragment until immediately 

30 prior to completion of the alignment 
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